ABSTRACT
in surgical intensive care units. [1] Mortality in secondary bacterial peritonitis is reported to be over 60% and known to correlate with the severity of the disease usually accessed by scoring systems such as the APACHE II/III and Mannheim Peritonitis Index (MPI). [2] Other highly specific diagnostic modalities such as radiological imaging procedures or percutaneous aspiration have been proven to be useful tools in predicting overall disease severity and outcome.
An early and reliable diagnosis, together with a prompt and adequate treatment including immediate surgical repair of the underlying abdominal pathology, significantly contributes to a decreased mortality and morbidity. [3] The management of postoperative complications or new onset abdominal sepsis occurring in patients after initial surgical repair still remains a compelling issue to the attending surgeon. The need for novel approaches to overcome this clinical dilemma has arisen
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INTRODUCTION
Secondary peritonitis, a condition caused by the spread of bacteria and contents of intraabdominal organs into the peritoneal cavity, is one of the most important causes of abdominal sepsis carrying a higher risk of mortality and morbidity and recent studies have investigated the role of easy, fast, and non-invasive diagnostic modalities in predicting the outcome during postoperative course. Non-specific signs of sepsis and infections include clinical symptoms such as fever, tachycardia, tachypnea, and leukocytosis on laboratory findings. Scoring systems have been proven to be useful tools in predicting overall disease severity and outcome; however, they fail to distinguish between infectious and non-infectious related complications. In contrast, other highly specific diagnostic modalities such as radiological imaging procedures or percutaneous aspiration techniques are costly, carry a considerable risk of complications and pose an additional stress on the patients. [2, 4, 5] Facing this clinical quandary, the clinical appraisal of inflammatory markers in helping to establish a fast, reliable, and non-invasive diagnosis algorithm for sepsis in surgical patients has gained considerable interest among clinicians since the late 1980s. Among the large array of inflammatory parameters, CRP and PCT have obtained special interest in identifying patients at risk for severe complications following surgical intervention of secondary peritonitis. [6] [7] [8] PCT, under normal conditions, is the 116-amino acid peptide precursor of the biologically active hormone calcitonin secreted by the c-cells of the thyroid gland. With the advent of the semi-automated assay technique, PCT assessment has become feasible in recent years. Its levels are relatively low in healthy subjects but known to increase in patients with bacterial infections or sepsis and fall dramatically after appropriate antimicrobial therapy. [9] However, PCT levels do not change in response to severe viral infections or other inflammatory response syndromes. Hence, PCT has been confirmed as the only biochemical indicator closely correlating with the inflammatory host response to bacterial infections. [10] [11] [12] Low levels of thyroid hormones have been reported in cases of sepsis, severe stress, trauma, and critical conditions such as cirrhosis. Euthyroid sick syndrome is characterized by abnormal thyroid findings in the presence of non-thyroidal illness (NTIs) without evidence of pre-existing hypothalamic pituitary conditions. The most common alternations are low T3, normal or low T4, and normal TSH levels. Studies have described a relationship between the severity of NTIs and low T3 and T4 levels with T3 and T4 levels gradually normalizing as the patients recover. Other studies have also associated low serum levels of T3 and T4 with a higher mortality in sepsis and severe bacterial infections.
Even-though recent efforts into the development of an easier, faster and much more reliable diagnostic algorithm that can also serve as a predictor of outcome in postoperative sepsis related complications are encouraging, the exact role of inflammatory markers in predicting outcome in patients diagnosed with secondary peritonitis hasn't still been clarified. Existing data is scarce and evidence to support them are lacking. In the sight of these, it was aimed to investigate the prognostic values of inflammatory markers (CRP, PCT and thyroid hormones) in secondary peritonitis. PCT, CRP and thyroid hormones can be useful prognostic parameters for predicting disease severity and outcome in patients diagnosed with secondary peritonitis.
MATERIALS AND METHODS
Our study is a single center prospective cohort study conducted on patients operated on for secondary peritonitis between January 2008 and January 2010. A total of 120 patients were operated on for secondary peritonitis within the study period. Patients with localized peritonitis and those whose laboratory values (thyroid function tests, CRP and PCT) couldn't be determined were excluded from the study. Patients operated on for generalized peritonitis were included into the study. Of the 120 patients, eighty-four were found to be eligible for the study. Among the 84 patients, there were two patients with ovarian malignancy and one with colon malignancy. There were no cases of typhoid perforation.
Patients' data was reviewed and recorded into an institutional review board-approved database. The database was analyzed to identify those patients with secondary peritonitis. Patients were divided into six groups according to the diagnosis confirmed during surgery, including Group 1: perforated appendicitis, Group 2: perforated peptic ulcer disease, Group 3: small bowel perforation (iatrogenic, typhoid, vasculitis), Group 4: colon perforation (iatrogenic, diverticula, foreign body), Group 5: anastomosis dehiscence, and Group 6: gallbladder perforation.
The data collected included patient demographics, and PCT, CRP, and thyroid hormone (ft3, ft4, TSH) concentration values of the preoperative and first, third, fifth, seventh, and fourteenth postoperative days. Informed consent was sought and approval received from each subject participating in the study.
In addition, the presence of limiting factors such as co-morbid conditions, previous drug, medical and surgical history were thoroughly investigated. Patients with previous history of thyroid surgery, usage of drugs such as beta blockers, amiodarone and steroids were determined and noted. Moreover, the absence of any other focus of infection besides peritonitis was investigated and recorded.
During the postoperative course, post-operative complications, cases of mortality developing one month after surgery and their causes were established and recorded. Post-operative early or late morbidity/mortality was defined as complications/death developing during one month or one month following surgery. The median age, PCT, CRP and thyroid hormone (ft3, ft4, TSH) concentration values, morbidity and mortality rates of classified groups were examined and statistical analysis was performed.
Clinical Follow-up
At the time of admission and on the first, third, fifth, seventh, and fourteenth postoperative days, venous blood was drawn from all patients and centrifuged at 1.000×g for 10 min at 4°C after a full blood cell count. All samples were tested for PCT, CRP, and thyroid hormones within 30 min after acceptance by the clinical laboratory.
Patients presented with small bowel perforation and colon perforation, two patients presented with gallbladder perforation and one patient with perforated acute appendicitis were followed up in the surgical intensive care unit. All other patients were followed up in hospital wards. During follow-up, wounds of all patients were carefully followed and appropriate anti-microbial therapy was given in cases of skin infections.
Laboratory Measurements
PCT quantification was performed using automated immunoanalysis with the Liaison analyzer (Diasorin, Saluggia, Italy). For CRP, an immunoturbidimetric assay with ADVIA Chemistry CRP_2R (Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA) was used. The thyroid hormone (fT3, fT4, TSH) levels were determined using the the Sysmex XT 2000-i (Roche Diagnostics Gmb H. Mannheim, Germany) instrument.
Surgical Technique
The procedure was performed with the patients under general anesthesia. Laparotomy type was decided based on clinical, laboratory, and radiological findings at presentation. Of the twenty-one patients diagnosed with perforated appendicitis, a McBurney incision was made on 4, right para-median incision on 15 and lower midline incision (due to radiologically detected air fluid levels) on 2. An upper midline incision was employed in all other patients. Primary suture was performed in all patients diagnosed with peptic ulcer perforation. Appendectomy was performed in all patients with perforated appendectomy. For patients with perforated small bowel, primary suturing or anastomosis was performed proximal or distal to the location of perforation when abdominal contents weren't contaminated. In cases of contamination, stoma was performed. Anastomosis was performed in four patients presented with colon perforation, repair in 2 patients and stoma in 7 patients. Stoma was performed in all patients (6 in total) diagnosed with anastomosis dehiscence.
Drainage was placed in patients falling within the following category: old age, contaminated abdominal contents, or those who had the potential of developing abdominal abscesses (72% of all patients).
Statistical Analysis
All data was entered and analyzed using the Statistical Package for Social Sciences, version 15.0 (SPSS, Inc. Chicago, IL, USA). Collected data was tested for normality and found to be normally distributed and were therefore expressed as mean ± standard deviation (SD). Continuous data was evaluated using the Student's t-test and nonparametric data analyzed using the Friedman's test. Descriptive data was given as absolute numbers (percentages) or as medians (interquartile ranges or 95% confidence intervals [CIs]). Independent samples were compared using the student's t-test and non-parametric data was evaluated using the Friedman test. Statistical significance was accepted as p≤0.05.
RESULTS
Between January 2008 and January 2010, eighty-four patients undergoing surgery for secondary peritonitis were included into the study. Among these, there were perforated appendicitis (n=21), peptic ulcer perforation (n=20), small bowel perforation (n=14) (iatrogenic, typhoid, vasculitis), colon perforation (n=13) (iatrogenic, diverticula, foreign body), gallbladder perforation. (n=3), and anastomosis dehiscence (n=6) cases. The study included 47 (56%) males and 37 (44%) females with a median age of 52.3 years (15-87). The ages of patients according to the diagnosis made at presentation are shown in Table 1 . Thirty-four patients included in the study had no prior history of co-morbid conditions in contrast with 50 subjects who had chronic obstructive pulmonary disease (COPD) (n=6), coronary artery disease (n=6), hypertension (n=6), diabetes mellitus (n=2), chronic atrial fibrillation (n=2) ( Table 2) . Drug history revealed no history of drug use (n=44), beta-blockers (n=14), steroids (n=3), and insulin (n=3).
The median preoperative serum PCT and CRP levels of patients in Group 1 (n=21) were 9.9 ng/ml and 190 mg/L. These values regressed to 0.19 ng/ml and 63 mg/L respectively, for both parameters on postoperative day 14.
Median preoperative serum PCT and CRP levels of patients in Group 2 (n=20) were 10.1 ng/ml and 180 mg/L. There was a decrease in serum levels of PCT to 6.7 ng/L on postoperative day 5; however, levels fluctuated between 2-3 ng/L after day 5 until postoperative day 14. In contrast, there was a constant decrease in serum CRP levels till 78 mg/L on postoperative day 14.
The median preoperative serum PCT levels of patients in Group 3 (n=14) showed a rather different pattern by remaining above 7ng/L till postoperative day 7 when it began to follow a falling trend. A similar pattern was true for CRP values in this group of patients.
With the aim of determining a relationship between PCT levels and morbidity, the PCT levels of patients developing complications during follow-up and those who didn't were compared. Median preoperative PCT levels in patients developing complications (+) and those who didn't (-) were 15.5 ng/L and 3.4 mg/ml, respectively (p=0.043).
The prognostic value of PCT, CRP and thyroid hormones in predicting mortality was also investigated among the groups by comparing the pre and postoperative serum levels in patients who survived and those who died during follow-up. Table 3 shows the number and percentage of patients who died and survived within each of the six groups during follow-up. Pre and postoperative serum PCT, CRP and thyroid hormone levels of patients who survived (+) and those who died (-) among the various groups are illustrated in Tables 4,  5 , 6, and 7.
When the patients were further grouped into surviving (+) and deceased (-), the median serum CRP levels in patients with small bowel perforation on postoperative day 3 was found to be (+) 192 mg/ml, (-) 90 mg/ml, (p=0.036). Pre and postoperative data regarding CRP compared among other groups did not reach statistical significance.
The role of thyroid hormones in determining prognosis and severity in secondary peritonitis was also investigated by comparing median pre and postoperative thyroid hormone levels among complication free or bound patients and patients who survived or died during follow-up.
When results of median thyroid hormone levels in patients were compared among groups based on occurrence of complication during follow-up, they were found to be statistically significant. We found that thyroid hormone levels changed much among patients with small bowel perforation and peptic ulcer perforation that had postoperative complications and those who died. Findings from our study showed postoperative T4 and T3 levels lower than 1 µg/l and 3.64 µg/respectively, which can be associated with a higher morbidity and mortality in these groups.
DISCUSSION
Mortality in secondary bacterial peritonitis is reported to be over 60% and known to correlate with the severity of the disease which is usually accessed by scoring systems such as the APACHE II/III and Mannheim Peritonitis Index (MPI). [2] These scoring systems fail to distinguish between infectious and non-infectious related complications but other highly specific The clinical appraisal of inflammatory markers has gained considerable interest in identifying patients at risk for severe complications following surgical intervention [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] of secondary peritonitis with recent studies identifying CRP and PCT as prospective prognostic markers in secondary peritonitis. [3] In the sight of these, it was aimed to investigate the prognostic values of inflammatory markers (CRP, PCT and thyroid hormones) in secondary peritonitis.
Viñas Trullen X et al. prospectively enrolled fifty-seven patients into a study that found a positive and significant correlation between preoperative PCT-Q and postoperative MPI. PCT Values >10ng/ml were reported to be significant for admission to the ICU and a poor clinical prognosis. [13] In another study conducted by Nenad Ivančević et al., PCT concentrations in ninety-eight patients with acute abdominal conditions, divided into two groups namely sepsis and systemic inflammatory response syndrome (SIRs), were found to be significantly higher in the sepsis group than in the SIRs group suggesting PCT as a useful criteria for early, preoperative diagnosis of abdominal sepsis. Also, in the same study, a group of patients with abdominal symptoms lasting for more than 24 h had higher PCT levels when compared with those with symptoms lasting less than 24 h. This study shows a meaningful relationship between the severity of peritonitis and serum levels of PCT. [14] Consistent with the results from these studies, our findings revealed significantly higher PCT levels in patients developing complications when compared to those who did not.
Reith and colleagues in their study reported that serum CRP and PCT levels were superior to TNF-α, IL-1 and IL-6 levels in predicting prognosis in 246 patients with abdominal sepsis, CRP and PCT levels were found to be higher in patients with postoperative infection and sepsis when compared to patients who had an uneventful postoperative course. In this study, levels of markers such as TNF-α, CRP, IL-1, and IL-6 were reported to only increase with response to conditions like trauma and surgery. In spite of this, PCT was described to be more sensitive in sepsis and bacterial infections. [15] Ulus Travma Acil Cerrahi Derg, September 2014, Vol. 20, No. 5
349
Akcay et al. The prognostic value of pro-calcitonin, CRP and thyroid hormones in secondary peritonitis Bell at al., measured the serum PCT levels alone or in combination with CRP and pointed out their role in discriminating septicemia/bacteremia with associated SIRs from noninfectious SIRS in an ICU setting with 123 patients. They went on to report twelve different studies describing serum procalcitonin levels to be more important than serum CRP levels in differentiating bacterial infections from other causes of systemic inflammatory responses. [16, 17] In another study evaluating the relationship between procalcitonin, CRP and the severity of appendicitis in the pediatric population, 212 pediatric patients operated on for acute appendicitis were grouped into five groups according to surgical and histological findings. Group 1 had (n=58) normal findings, Group 2 (n=24) follicular hyperplasia, Group 3 (n=66) acute appendicitis, Group 4 (n=36) Perforated appendicitis, and Group 5 (n=28) necrotizing appendicitis. Preoperative antibiotic therapy wasn't given to any of the five groups. Serum procalcitonin levels were >0, 5 in 81% of patients in Group 4 and 64% of patients in Group 5. For CRP levels, 57% of patients in Group 4 and 32% of patients in Group 5 had a serum CRP level greater than 50 mg/dl. The clinical presentation of appendicitis was found to be severe in patients with higher serum procalcitonin and CRP levels. This showed the importance of procalcitonin and CRP as a prognostic marker in appendicitis. [18] In our study, the median preoperative serum PCT and CRP levels of patients with perforated appendicitis (n=21) were 9.9 ng/ml and 190 mg/L. These values regressed to 0.19 ng/ml and 63 mg/L respectively, for both parameters on postoperative day 14. Moreover, although levels of PCT and CRP in the other five groups (perforated peptic ulcer disease, small bowel perforation (iatrogenic, typhoid, vasculitis), colon perforation (iatrogenic, diverticula, foreign body), anastomosis dehiscence, and gallbladder perforation) from our study remained high during the first week after surgery, a rather fluctuating pattern of PCT and CRP levels was observed towards postoperative day 14.
We were also able to demonstrate that serum PCT levels follow a falling trend after surgery as long as postoperative course remained uneventful. In addition, we showed that after surgical intervention for secondary peritonitis, PCT was a better marker than CRP in following postoperative complications besides peritonitis.
Thyroid hormone levels are known to decrease in situations such as infection, severe stress, trauma, and chronic conditions like cirrhosis and chronic kidney disease. [19, 20] Euthyroid sick syndrome is characterized by abnormal thyroid findings in the presence of non-thyroidal illness (NTIs) without evidence of pre-existing hypothalamic pituitary conditions. The most common alternations are low T3, normal or low T4 and normal TSH levels. This syndrome is generally associated with sepsis, malignancy, AIDS and myocardial infarction. Prognosis of patients with this syndrome is correlated with serum levels of T3 and T4. [21] [22] [23] [24] In our study, low T3, T4 levels among groups with higher mortality and complication rates were found.
Glembot et al. in their stimulated physiologic stress model did not see a decrease in mortality when thyroid hormones were added. [24] In most studies, low serum T3 and T4 has been associated with a higher mortality in sepsis and severe bacterial infections. While the reported mortality ratio in patients with T4 levels lower than 3 µg/dl is between 64% and 84%, patients with the same disease but normal thyroid levels were found to have mortality below 22%. [25, 26] We found that thyroid hormone levels changed much among patients with small bowel perforation and peptic ulcer perforation that had postoperative complications and those who died. Findings from our study showed postoperative T4 and T3 levels lower than 1 µg/l and 3.64 µg/l respectively, which can be associated with a higher morbidity and mortality in these groups.
We are of the thought that PCT in addition to T3, T4 and TSH especially can be important parameters in predicting both systemic complications that may develop and the prognosis of secondary peritonitis.
